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1 In tro duction

In deliverable GridLab-7-CORE-0003-1.0, we described the design and implementation of the
Delphoi system;the basic infrastructure that is neededto implement adaptive components. The
Delphoi is currently deployed on the GridLab testbed, and gathers the machine and network
information necessaryto addressthe usecases,asdescribed in deliverableGridLab-7-UCR-0001-
2.0. It also provides a user interface to conveniently accessthe information gathered.

In the following sections,we will give a (brief ) description of the designand implementation of
the components developed for each of the use cases,and then evaluate the performancegains
achieved by using thesecomponents.

2 Adaptiv e Use Cases

Adaptiv ecomponents for addressingthe usecasesasdescribed in the document GridLab-7-UCR-
0001-2.0have been implemented as deliverable GridLab-7-COMP-0004-1.0. In this section, we
brie
y describe the components and evaluate the performancegains that can be achieved.

2.1 Resource Selection for Parallel Triana Units

Scenario

Triana programs are formed by so-calledunits, connectedto a 
o w graph, through which data
items 
o w from sourcesto sinks. Each unit performs somecomputation to processthe data.
Units may have multiple inputs and outputs, and they may be composedfrom other (simpler)
units. Units can be parallelized in a transparent way. An input stream of a parallel unit can be
split into blocks, which can be handled independently in parallel by multiple instantiations of a
sequential unit. When the input blocks have beenprocessed,the resulting outputs are combined
again into a single output stream.

In a Grid environment, a Triana 
o w graph is supposedto run on a distributed set of machines.
Parallel units needto be mapped or replicated onto a set of those machines for execution. The
problem is to optimize the number of machines, so the overall system computesfast enoughto
meet the demandsof the application.

This adaptation problem can be solved by contin uously monitoring the performance of the
machines that perform the computation. By gathering this information in a central location,
the total performanceof the distributed application can be estimated. This total performance
is then comparedto a user-speci�ed target to determine if the current set of allocated machines
is adequate, if more machines are needed,or if lessmachines would su�ce. This results in the
following feedback loop:

1. measureperformanceof each unit

2. determine total performance

3. comparetotal performanceto target

4. adjust number of machines used(if required)

5. repeat the entire process
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This use case is implemented in the Quality of Service Adaptive Component, which can be
downloadedfrom the GridLab webpage,and hasbeendescribed in moredetail in the deliverable
GridLab-7-COMP-0004-1.0. This adaptive component consists of a library that contains the
necessarylogic to perform the feedback loop described above.

Results

To evaluate the quality of service adaptive component we have developed two task farming
applications. This type of application is widely used in grid environments, and its behavior is
very similar to the Triana scenariodescribed in the usecase.

In general,a task farming application consistsof a server, which producestasks (or jobs), and
oneor more workers which retrieve tasks from the server and processthem. (Triana applications
often have a similar structure, where one unit generatesdata, which is then processedby other,
'worker' units.) We will now describe the applications in more detail.

Sim ulation To be able to easily evaluate the behavior of the adaptive component in di�eren t
environments, our �rst application is a task farming simulation. This simulation consistsof an
application manager and a set of simulated workers. When the application manager is started,
it createsan adaptive component and informs it of the application's target performance. It also
createsa single simulated worker and forwards the worker's unique identi�er to the adaptive
component. The adaptive component then usesthe Mercury monitoring system developed by
WP-11 to retrieve performanceinformation about this worker.

Although the workersdo not perform any real computation, they can be con�gured to simulate
the circumstanceson a real grid. The performancethey report to the adaptive component can
be made to vary, both betweenworkers and over time. During the run of the application, the
adaptivecomponent will contin uously usethe monitoring systemto gather the performancedata
provided by the workers,and notify the application managerwhen the number of workersneeds
to be adjusted in order to reach the speci�ed performance target. The application manager
then adds or removes workers, and informs the adaptive component of the changes. From the
viewpoint of the adaptive component, this simulation behaves in exactly the same way as a
'real' task farming application. It doesnot notice any di�erence. We will now discussthe results
obtained for various worker simulations.

Figure 1 shows the result of the �rst simulation. In this simulation, all workers have the same
performance, which does not vary over time. Therefore, this simulation corresponds to an
application running on a homogeneoussystem, where machines are reserved exclusively for a
single job.

The bottom graph in the �gure shows a single line, the total number of workers allocated.
The top graph shows three lines: the target throughput which the adaptive component tries
to obtain, the total worker throughput which is generated by the workers, and the estimated
worker throughput which is the throughput estimated by the adaptive component basedon the
information provided by the workers. Note that in real applications, the total worker throughput
is usually not known, and only the estimatedworker throughput is available. Becausethe workers
only report their performanceto the adaptive component after they have completeda task, the
estimated throughput lags behind the total throughput.

In this simulation, each worker requires 10 minutes to processa single task. Therefore, 10
workers are neededto obtain the target throughput of 1 task per minute. As Figure 1 shows,
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Figure 1: Performanceadaption with homogeneousworkers with a �xed performance.

the adaptive component is not able to provide a performanceestimate for the �rst 10 minutes of
the run, becauseno worker information is available yet. However, sincethe adaptive component
knows that a task should be processedevery minute, it can still signal the application manager
to add a new worker every minute. This way, the application will at least keepup with the tasks
until more information becomesavailable.

After 10 minutes, the �rst worker has �nished a task and provides performanceinformation to
the adaptive component, allowing it to produce a �rst performanceestimate. Sincethis worker
will start on its secondtask, the adaptive component concludesthat it is not necessaryto add
a new worker. From that moment on, performance information will come in once a minute,
and no workers will be added. After 20 minutes, the adaptive component has performance
information about all workers. Since the estimated worker performance is then equal to the
target performance,no further resourcesneedto be added or removed for the rest of the run.

As the results in Figure 1 show, the adaptive component is able to quickly increasethe number
of workers to the required level, even if there is no performanceinformation available yet.

Figure 2 shows the result of the secondsimulation. In this simulation, the performancevaries
amongstthe workers,but it doesnot vary over time. This correspondsto an application running
on a heterogeneoussystem,where machines are reserved exclusively for a single job.

Each worker requiresbetween5 and 10 minutes to processa single task. The exact performance
is randomly chosenwhen the worker is created, but remains constant for the rest of the run.
Therefore, at most 10 workersare neededto obtain the target throughput of 1 task per minute.
Like in the previous simulation, the adaptive component is not able to provide a performance
estimate for the �rst part of the run, and simply adds a new worker once a minute. After 9
minutes, the �rst performanceinformation is received and no more workers are added.
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Figure 2: Performanceadaption with heterogeneousworkers with a �xed performance.

After approximately 15 minutes, the adaptive component has gathered enough information to
determine that too many workersare active. It then selectsa worker to be removedand instructs
the application managerto do so. After the application manageracknowledgesthat it will indeed
be removed, the adaptive component removesthe worker's sharefrom the performanceestimate.
Note that the worker is not removed immediately, but �rst �nishes its current task. Therefore,
it doesnot leave the computation until the 19th minute.

The results in Figure 2 show that the adaptive component is able to handle a variation in worker
performance,and that it will reduce the number of workers if necessary. An extreme example
of this will be shown in the next experiment.

Figure 3 shows the results of an experiment where 9 'slow' workers are allocated, followed by
one 'fast' worker. This last worker is fast enoughto achieve the target performanceon its own.
Sincethe adaptive component hasa preferencefor a small number of fast workers. It will remove
each of slower workers, until only the fast one is left.

The results of the �nal simulation are shown in Figure 4. There, the performancevariesamongst
the workers, and also varies over time. This simulation corresponds to an application running
on a heterogeneoussystem,where machines are running multiple jobs simultaneously.

As with the previous simulations, the adaptive component starts by quickly increasingthe num-
ber of workers. After some20 minutes, it decidesthere are too many workers and releasestwo
of them. For the rest of the 500 minute run, the number of workers is fairly stable, although
their number changesoccasionally. This experiment shows that the adaptive component works
in an environment with dynamic worker performance,such as a grid.
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Figure 3: Performanceadaption with heterogeneousworkerswith a �xed performance(extreme
example).
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Figure 4: Performanceadaption with heterogeneousworkers with a varying performance.
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Search application To further evaluate the quality of serviceadaptive component we have
developed a real task farming application. We have chosento use a simple search application,
a variation of the Traveling SalesmanProblem. This application tries to �nd the shortest route
to visit a number of cities by exhaustively searching all possibleroutes.

When the application starts, the server generatesa large number of tasks, each containing a
partial route. The workers then retrieve these tasks from the server and compute all possible
completions of the route. Like in the simulation described above, this application also usesan
application manager. This managersetsa performancetarget for the application, and usesthe
adaptivecomponent to monitor its performance. To createnewworkers,the application manager
submit jobs to the GridLab testbed using the Java implementation of the GAT (developed by
WP-1).
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Figure 5: Performanceadaption on a task farming application on the fs0 cluster.

Figure 5 shows the performanceresult of the application in homogeneoussetting. All workers
are submitted to run on nodesof the fs0 cluster (Amsterdam, The Netherlands). As explained
before, the Total Worker Throughput is not available in real applications. Therefore, only the
Target Throughput and Estimated Worker Throughput are shown.

As shown in Figure 5, the target throughput is set to 6 tasks per minute. Each worker requires
almost 80 secondsto processa task, so8 workersare necessaryto achieve the target throughput.
Initially , a extra 9th worker is allocated. This is causedby the short scheduling delays when new
workersare started. Due to thesedelays it takeslonger for the �rst performanceinformation to
be produced by a worker. The adaptive component compensatesfor this by creating an extra
worker.

Figure 6 shows the performanceresult of the application running on the GridLab testbed. Part
of the application is still running on the fs0 cluster, but new workers are also submitted to a
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Figure 6: Performanceadaption on a task farming application on a grid.

node on the skirit cluster (Brno, Czech Republic) and the glamdring (Plzen, Czech Republic)
and cluster3 (Berlin, Germany) machines.

Sincethe nodeson the fs0 and skirit machine are reserved exclusively for the workers, and the
cluster3 and glamdring machines where idle at the time of the experiment, the graph shown in
Figure 6 is does not shown any performance 
uctuations, even though the application is now
running in a heterogeneousgrid environment.

The workers on the skirit and glamdring machines are running faster than those on the fs0 (50
and 60 secondsper task, respectively). The worker on the cluster3 is signi�cantly slower (130
secondsper task). Finally, 9 machinesare required to reach the target performance. Due to the
larger scheduling delays on the GridLab testbed, the number of workers does take somewhat
longer to stabilize than in the previous experiment.

2.2 Transfer Proto col Optimization

Scenario

This scenario deals with the migration of a parallel (e.g., Cactus) run from one machine to
another machine. Consider that the application needsa large input data set that must be trans-
fered from the sourceto the destination machine. The data should be transfered as e�cien tly
as possible. GridFTP (and other transfer protocols) performancedependsheavily on the char-
acteristic of the network link, such as latency and available bandwidth, and on the transfer
parameters that are used. Therefore, these parameters (e.g., send and receive bu�er sizes,the
number of parallel streams) should be carefully tuned for each separatelink to achieve optimal
performance.

GridLab-7-EVAL-0005-1.0 IST 8/20
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To implement this usecase,the following information is required:

1. amount of data to transfer

2. estimated network capacity betweenthe sites

3. estimated network delay betweenthe sites

4. maximum allowed sendand receive bu�er sizeson both sites

The amount of data to transfer must be provided by the user (or client application). The rest
of the information is gathered by the Delphoi. Using the data described above, we can now
compute the TCP stream bu�er sizeas follows:

bufsize= min (max-send-bu�er; max-receive-bu�er)

Using the product of network delay and capacity, we are able to determine the amount of data
that the sendercan write into the network before the �rst acknowledgment is received from the
receiver. If the TCP bu�er sizecan be set large enoughto contain the total amount of data, a
single TCP stream will su�ce.

If the TCP bu�er sizecannot be set large enough,however, a single TCP stream will never be
able to usethe full capacity of the network, becausethe senderwill not be able to write enough
data into the bu�er to keep the network �lled. As a result, the senderwill eventually block,
waiting for an acknowledgment from the receiver.

By using multiple streams, the sendercan contin ue sending data on a di�eren t TCP stream,
even if previous streamsare blocked. We can calculate how many TCP streamsare required to
fully usethe capacity of the network as follows:

streams= 2 �
�

delay:roundtrip � bandwidth :capacity
bufsize

�

As described in the previous deliverable, the implementation of this usecaseconsistof a module
in the Delphoi. This allows e�cien t accessto the required low-level data. This module can be
accessedusing the estimateTcpOptions method. Using the estimateNetworkMetric method of
the Delphoi, the low-level data itself can also be retrieved.

The Data Movement Service(developed by WP-8) usesthe information provided by the Delphoi
module to optimize data transfers.

Results

To evaluate the transfer optimization component, we have used a benchmark that transfers a
large amount of data betweentwo sites in the GridLab testbed. To optimize this data transfer,
the estimateTcpOptions method of Delphoi is usedto retrieve a prediction for the optimal TCP
settings. The exact amount of data transfered is adapted to the expected available bandwidth
betweenthe sites at the time of the test (as predicted by the estimateNetworkMetric method of
Delphoi), and varies between50 MB and 1 GB.

The benchmark then transfers the selectedamount of data between the two sites using the
predicted number of TCP streams. By comparing the predicted transfer time with the measured
transfer time, we can evaluate the quality of Delphoi's predictions.

GridLab-7-EVAL-0005-1.0 IST 9/20
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Two additional transfers are then performed, one using 50% more and one using 50% lessTCP
streams. The amount of data transferred is not changed. By comparing the transfer times
obtained using the di�eren t number of streams, we can evaluate if our stream prediction was
accurate, if using more streamswould have yielded better results, or if using lessstreamswould
have beensu�cien t.

We have selected�v e sites in the GridLab testbed to run the benchmark at regular intervals.
The sites and their location are shown in Table 1.

Table 1: Locations of the sites used in the experiment.

Name Location
fs0.das2.cs.vu.nl Amsterdam, The Netherlands
skirit.ics.m uni.cz Brno, Czech Republic
cluster3.zib.de Berlin, Germany
eltoro.pcz.pl Czestochowa, Poland
helix.bcvc.lsu.edu Louisiana , USA

The benchmark transfers data betweenthree combinations of these�v e sites. The combinations
are shown in Table 2. The table alsoshows approximations1 for the amount of data transferred,
and the network delay, capacity and available bandwidth. The results of the experiments are
shown in Figures 7, 8 and 9.

Table 2: SelectedSited for Transfer Time Optimization.

Latency Capacity Available Size
Source Destination (ms) (MBit/s) (MBit/s) (MB) Remark
fs0 eltoro 75 97 83 300 Normal link
cluster3 helix 155 60 23 90 High delay
fs0 skirit 19 800 610 1024 High bandwidth
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Figure 7: Transfer times from fs0.das2.cs.vu.nlto eltoro.pcz.pl.

1The actual values may vary over time.
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Figure 7 shows the results of the transfer optimization test betweenthe fs0 and eltoro machines.
Besidesshowing the bandwidth obtained by the data transfers, it also shows the transfer time
prediction (as predicted bandwidth) and the network capacity. Both are provided by Delphoi.
As the �gure shows, the bandwidth obtained using the predicted TCP settings, is very closethe
predicted bandwidth. Adding 50% more streams does not signi�cantly improve the obtained
bandwidth, while removing 50% of the streams does have a signi�cant impact. Therefore, the
TCP settings and transfer time predictions are correct.
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Figure 8: Transfer times from cluster3.zib.deto helix.bcvc.lsu.edu.

Figure 8 shows the results of the transfer optimization test between the cluster3 and helix
machines. Again, the bandwidth obtained using the predicted TCP settings is very close the
predicted bandwidth, and adding more streamsdoesnot improve the obtained bandwidth much.
This time, however, the impact of removing streamsis much smaller.
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Figure 9: Transfer times from fs0.das2.cs.vu.nlto skirit.ics.muni.cz.

The results of our �nal experiment are shown in Figure 9. This �gure shows the results of the
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optimization test between the fs0 and skirit. Again, the predicted number of TCP streams is
su�cien t. Adding 50% more streams only slightly improves the obtained bandwidth, and the
impact of removing half of the streams is high. Unlike in the previous experiments, however,
the predicted bandwidth is not achieved. The network capacity between these two machine is
very high (in the order of 800 Mbits/s), making it hard to �ll the link, especially if there is a
signi�cant load on the machines. As a result, the benchmark is not capable of obtaining the
predicted bandwidth of 610 Mbit/s, even if more streamsare added.

Theseexperiments show that the TCP option estimations produced by Delphoi can be usedby
applications to improve performanceof the data transfer. In two out of three experiments the
transfer time was correctly predicted. In all three experiments the transfer time showed only
little changeif more than the predicted number of TCP streamswas used. Using lessstreams,
however, severely degradedthe performancein two of the three cases.

2.3 Replica Selection

Scenario

The scenariois again about the migration of a parallel (e.g., Cactus) run from one machine to
another machine. This time, considerthat the application needsa large input data set that has
beenreplicated several times throughout the grid. The time neededto transfer the application
input data from a replica to the target machine needsto be estimated in advance, for possibly
multiple purposes. First, a migration target machine may be selectedby the time it takes to
migrate to it (in behalf of the GRMS resourcebroker, as developed by WP9). Second,after a
migration target has beenchosen,one of possibly many replicas must be selected.Third, after
a target machine and sourcereplica have beenselected,the transfer software/proto col may be
optimized (lik e GridFTP parameter tuning). Finally, an estimation of data transfer time may
be necessaryto start migration in time, before the allocated compute time on the migration
sourcemachine ends.

To implement this usecase,the following information is required:

1. amount of data to transfer (provided by the user).

2. estimated available network bandwidth from each of the sites to the target site.

Using the amount of data to transfer and the estimate of the available network bandwidth
betweenthe sites, the transfer time per pair of sites can be estimated as follows:

transfer time =
bandwidth :available

data size

The site with the lowest transfer time to the target site can then be selected.

The implementation of this use caseconsistsof a module in the Delphoi. This allows e�cien t
accessto the required low-level data. This module canbe accessedusing the estimateTcpOptions
method.

The information provided by the replica selectionmodule of the Delphoi is usedby the Replica
Catalog developed by WP-8.

GridLab-7-EVAL-0005-1.0 IST 12/20
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Results

To evaluate this usecase,we have implemented a benchmark which usesthe samereplica selec-
tion strategy as the Replica Catalog. This benchmark sendsa request to the Delphoi to predict
the transfer times of 100MB of data from a set of machinesto a singletarget machine. The data
is then transferred from each of the machines (using the benchmark developed for the previous
use case),and the actual transfer time is compared to the prediction. We use the sameset of
GridLab machines as in the previous usecase(shown in Table 1).

The results of the �rst experiment are shown in Table 3. There, the data needsto be replicated
to the fs0 machine from one of the other four machines.

Table 3: Replicating 100MB of data to the fs0.

Source Predicted Time (sec.) Measured Time (sec.)
skirit 2.7 1.7
cluster3 8.5 8.9
eltoro 9.7 11.5
helix 13.9 60.1

As the table shows, the predicted transfer time is smallest for the skirit machine. Therefore, the
replica cataloguewould choosethis machine as the sourcefor the data transfer to the fs0. The
measurements show that this is indeed the right choice.

Table 4: Replicating 100MB of data to the cluster3.

Source Predicted Time (sec.) Measured Time (sec.)
skirit 8.8 8.9
fs0 9.2 8.9
eltoro 10.3 11.5
helix 16.1 34.7

For the secondexperiment, the data needsto be replicated to the cluster3 machine. The results
are shown in Table 4. Like in the previous experiment, the predicted transfer time is smallest
for the skirit machine. The replica catalogue would choose the skirit as the source, and the
measurements show that this is indeed the right choice.

2.4 Remote Data Visualization

Scenario

A user wants to visualize the output of a completed, or even a running, remote computation
(lik e a Cactus run). The critical resourceis the network bandwidth that limits either the quality
of the image, or the delay of the visualization, or even both.

The userneedsto determine a desiredtrade-o� betweenquality and delay. For this purpose,the
user speci�es the minimal useful resolution of the image, and a desiredframe rate. The remote
visualization software can then provide the best possible imageswithin the constraints of the
user and the technical possibilities.

GridLab-7-EVAL-0005-1.0 IST 13/20
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Design

The key to this adaptation problem is to perform visualization using progressive resolution. The
visualization software can construct the imagehierarchically, starting with a very low resolution,
up to the maximum quality that canbeachievedwithin the constraints of frame rate and network
bandwidth. The resolution may even vary betweendi�eren t parts of an image.

The adaptation component usesits network bandwidth data from the Delphoi system,produces
short-term predictions, and correlates this with transfer times of the needed data over the
measuredlink. The adaptation component then provides an estimate for the data volume that
can be sent within a given time limit.

An adaptive component in the visualization system (Hierarchy Manager) links the adaptation
information with user de�ned visualization parameters. Theseparametersare:

1. maximal acceptablewait time for initial image, and

2. minimal usableresolution,

3. frame rate.

Data Hierarc hy: A very commonapproach to allow for visualization with adaptive resolution
is to subdivide the image or data spaceinto octree nodes. The root node of the octree (on level
0) has the coarsest resolution, the nodes on the higher levels (1; 2; :::) have each a doubled
resolution.

The root node is transferred �rst, then the nodeson level 1 are transferred in someorder, then
the nodeson level 2 and so on. Upon data arrival, the blocks are each processedand displayed
independently. That procedureresults in a visualization of increasingresolution, with a maximal
data transfer overheadof 12:5% (3D, doubled resolution on each level).

If a new frame is requested,the blocks not yet received are abandoned,and a new root node for
the next frame data is requested.

Case a: The user giv es a time limit for the �rst image to app ear The bandwidth
and transfer time estimate is usedto determine the maximal possibledata and imageresolution
within the given time limit (initial resolution). The octree hierarchy is created to re
ect that
resolution for the root node.

Case b: The user giv es a limit for the minimal usable resolution The octree hierarchy
is created to directly re
ect that resolution for the root node.

Case c: The user sets a �xed frame rate The bandwidth and transfer time estimate
is used to determine the maximal transferable octree depth within the given time limit. The
Octree blocks are retrieved as described, with minimal delay for the root node, and providing
the de�ned frame rate in the maximal possibleresolution. If full resolution cannot be achieved
at the given frame rate, only lower levels of the octree are used.
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Figure 10: The sequencedepicts the volume rendering of a remote data set.
First, a coarseresolution representation of the data is generatedon-the-
y
and transferred to the local visualization client. Next, octree nodes closer
to the point-of-interest (in this case,the cameraposition) are requestedand
integrated at progressively higher resolutions.

Case d: The user sets a combination of parameters The bandwidth and transfer time
estimate is usedto determine the maximal possibledata and image resolution within the given
time frame (initial resolution). If the known minimal resolution cannot be reached in that given
time frame, the QoS contract is broken, and the data for the minimal resolution are transfered.
Otherwise, the data for the initial resolution are transfered. If the given frame rate allows
additional data transfers, the image is consecutively re�ned with additional incoming data.

Implemen tation

The implementation of the bandwidth and transfer time estimation are described in report
GridLab-7-COMP-0004-1.0.

The client library usedto obtain the data is available at
http://www.grid lab.org/Internal/WorkPackages/wp-7/ software.html.

The implementation of the remote data accessinfrastructure we have described wasbasedon an
experimental versionof the GridFTP server provided by the Globus Group. This server wasnot
part of the Globussoftwaredistribution at that time. Any implementation of a GridFTP-Service
following the GGF GridFTP Speci�cation 1.0 (hence implementing ESTO/ERET support) or
newer should (with the appropriate extension) be able to be usedas servicehost.
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The Octree setup usesshort-term prediction obtained by linear regressionfrom the obtained
estimation data. That was implemented in a module to the Amira visualization system named
HxHierarchyManager . That module controls the Octree setup, and the invocation of the remote
data reader module (HxHDF5External).

The Amira modules are also available at
http://www.grid lab.org/Internal/WorkPackages/wp-7/ software.html.

Results

For benchmarking the software we useda dual Xeon 1.7GHz Server running RedHat Linux 8.0
as a data server. The machine was equipped with 1GB of RAM and a logical volume storageof
320 GByte (36.5 MByte/sec transfer rate). The measurements have a granularit y of 1 second.

The renderings have been performed on a dual Pentium IV system with 2.6 GHz, 1 GByte
main memory and NVidia Quadro4 graphics. The systemran under RedHat Linux 8.0 with the
standard NVidia video driver.

In order to evaluate our approach, we performed a number of performance measurements for
accessing,loading and displaying largeremoteHDF5 data sets. Wecomparethe performanceob-
tained using the GridFTP plugin (GridFTP HDF5 ) with a comparableremote accesstechnique,
that is HDF5 over GridFTP partial �le access(GridFTP PFA). We also include measurements
of local (local access) and Network File System (NFS access) times to seeif we achieved our
goal of having acceptablewaiting times before the �rst visualization is created, consideringthe
local and NFS times as acceptable.

The results of thesetests are listed in Table 5. The time neededto create the �rst image (t 3) is
composedof the time neededto gather and transfer the meta data (t 1) and the time neededto
�lter and transfer the subsampled�rst timestep (t 2). t4 givesthe accesstime for a full resolution
time step.

The tests have beenperformed on a Local Area Network (LAN ) with normal network load (la-
tency 1ms,measured32.0MBit/sec), and on a Wide Area Network connection(WAN ) between
Amsterdam and Berlin (latency 20ms,measuredbandwith: 24.0 MBit/sec).

The WAN measurements have beenperformed with various level settings, that is with di�eren t
depth of the octree hierarchy created.

These measurements show that the goal of a fast initial visual representation of the data set
was achieved: a small startup time t3 can be achieved by using the GridFTP HDF5 technique
combined with hierarchical access(level � 2). This time is of the sameorder of magnitude as
for local visualization.

Specifying the hierarchy level provides the user with an interactive mechanism for tuning re-
sponsetimes. The data accessschemecould prove its adaptivit y for di�eren t network connectiv-
it y. In principle, the user can reducethe time to obtain a �rst visual representation by choosing
a larger hierarchy level. The tradeo� for shorter startup times is the total transfer time for a
fully resolved data set (all octree levels)2. The results show that relation (t3 / t4) clearly for the
WAN measurements with di�eren t level settings.

Also, the large overhead for the complicated meta data accesswas dramatically reduced in
comparison to GridFTP partial �le access.The remaining time di�erence relative to the NFS

2The maximum amount of additionally transferred data causedby the octree based accessscheme is on the
order of 15%. The higher number of resulting block requests increasesthe overall transfer time also due to the
additional latencies.
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AccessType Net Level Meta Data Root Block Startup Complete
t1 t2 t3 = t1 + t2 t4

local access - 2 7 sec 1 sec 8 sec 3 sec
NFS access LAN 2 8 sec 5 sec 13 sec 8 sec
GridFTP HDF5 LAN 2 11 sec 2 sec 13 sec 11 sec
GridFTP PFA LAN 2 165 sec 10 sec 175 sec 200 sec

GridFTP HDF5 WAN 3 14 sec 2 sec 16 sec 126 sec
GridFTP HDF5 WAN 2 14 sec 3 sec 17 sec 68 sec
GridFTP HDF5 WAN 1 14 sec 7 sec 21 sec 45 sec
GridFTP HDF5 WAN 0 14 sec 41 sec 55 sec 41 sec

GridFTP PFA WAN 3 430 sec 28 sec 458 sec 3760sec
GridFTP PFA WAN 2 430 sec 53 sec 483 sec 960 sec
GridFTP PFA WAN 1 430 sec 110 sec 560 sec 477 sec
GridFTP PFA WAN 0 430 sec 220 sec 670 sec 220 sec

Table 5: The table lists performancemeasurements for the various access
techniques we explored. The results have been obtained by timing the
visualization processfor a 32 GB HDF5 �le, containing 500timesteps,each
timestep with the resolution of 2563 data points (double precision).

meta data accessresults from the application of the zero �lter to all data sets, the time needed
to write the meta data �le, and the time to transfer it.

To summarize,while using automatic adaptation, the user, as expected, can in
uence the indi-
vidual valuesfor 't2' and 't3' by specifying time and resolution constraints, without the needto
know the details of the transfer algorithm, or the needto adjust the complex parameter space.
That was the declaredgoal of the usecaseimplementation.

Ac kno wledgemen ts

The work on this use casewas an collaborative e�ort between VU Amsterdam (WP-7) and
ZIB Berlin (WP-8). The work described above was published in [HMK + 03]. That publication
describesthe usecasein much more detail, and also includes detailed time measurements.

2.5 Queue Waiting Time Estimation

Scenario

The GRMS resourcebroker, as developed by WP-9, is supposed to schedule an application
requestsuch that the application starts running as soon as possible.

For this purpose,the scheduler needsinformation about predicted wait time in processorqueues
when scheduled to a given machine, or a combination of multiple machines, the latter in caseof
co-allocation.

Our current implementation is designedto predict waiting times in batch queuing systems.An
exampleof such a system PBS, which is widely usedthroughout the GridLab testbed.

For this usecasethe state of the queue(s)and/or jobs on a resourcemust be frequently monitored
(e.g., oncea minute). For each job in a queue,the following information is recorded:
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1. submissiontime of the job

2. state of the job (e.g., waiting or running)

3. start time of the job

4. number of processorsrequired by the job (optional).

By calculating the total number of processorsused by all running processes,the utilization of
the queue can be determined, provided that the total number of processorsavailable to that
queueis known.

Next, for all waiting jobs, the waiting time so far is determined by subtracting the current time
from their submissiontime. This information is stored for future reference.

In general, the waiting time of a job may depend on its size(i.e., the number of hosts required
to run it). Large jobs, for example,must often wait longer for the required resourcesto become
available. Therefore, the job size is used in the waiting time prediction (if available). Because
it is di�cult to treat jobs of each possiblenumber of hosts separately, 4 classesof job sizesare
currently used, single (1 host), small (2 to 4 hosts), medium (5 to 16 hosts), and large (17 or
more hosts).

For each classof jobs, the current maximum and averagewaiting times can then be determined.
Using these values, and the forecaster library of the Delphoi system, the waiting time of new
jobs can be predicted.

The implementation of this usecaseconsistsof a queuemonitoring module in the Delphoi system.
This module frequently retrieves information about the state of the queueson the system, and
storesthis information for future reference.The information queuewaiting time can be retrieved
from the Delphoi using the getQueueWaitingTime call.

Results

To evaluate the queuewaiting time estimation, we do not usethe Delphoi directly. Instead, we
use a simulation consisting of the core of the queue information module used by the Delphoi.
We then simulate queue tra�c by replaying log �les from the PBS queuing system (used on
several machines in the GridLab testbed). This allows us to perform experiments and evaluate
the behavior of our systemover longer periods of time.

Our simulation traversesthrough the PBS log �le and simulates the job queue. Whenever the
log �le states that a job was submitted, a Job object is created, containing the submissiontime
of the job, and a prediction of how long this job must wait. The Job object is then stored until
the log �le states that a job wasstarted. At that time, the real waiting time of the job is known
and the prediction error can be determined.

To predict how long a job must wait, the core of the queueinformation module of the Delphoi
system is used. This module retrieves queue information once every (simulated) minute. For
every waiting job, it records how long the job has been waiting and, if available, how many
machines it requires. This information can then be usedto estimate the waiting times of future
jobs.
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Figure 11 shows the result for a PBS log of the fs0.das2.cs.vu.nl3, covering the period of 1 to
26 March 2004. Becausethis machine is mainly used for research into parallel and distributed
computing, most jobs have short lifetime and the number of jobs is high. March 2004 was
a particularly busy period: a total of 91349 jobs where processedby the queuing system (an
averageof 146 jobs an hour).
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Figure 11: Error in Job waiting time estimation on fs0 (log of march 2004).

Figure 11 shows the results for three di�eren t methods of estimating the job waiting time. The
�rst approach simply assumesthat jobs will never wait, and always predicts a waiting time of
zero. The secondapproach calculatesthe averagewaiting time of the jobs currently in the queue,
and usesthis value as an estimation for the waiting time of new jobs. The third approach uses
the maximum waiting time of the jobs currently in the queue.

Figure 11 shows the percentage of jobs for the error in the waiting time estimation is lessthan
a certain amount of time. For example,when using zero as an waiting time estimation, 68% of
the jobs have an estimation error of 5 minutes or lessand 98% of the jobs are run within 75
minutes of this estimation. If the averageis usedas an estimation, however, thesenumber are
improved considerably: 96% of the jobs have an error of 5 minutes or lessand 98% of the jobs
is run within 31 minutes of their estimated time. Using the maximum waiting time yields the
best results: almost 98% of the jobs is run within 5 minutes of the estimated time.

Figure 12 shows the result for a PBS log of a queueon the skirit.ics.muni.cz, covering the period
of 13 March to 13 April 2004. Becausethis machine is mainly usedfor running production jobs,
waiting times can be high. The number of jobs processedis low comparedto the fs0: only 1826
jobs where processedin the entire period.

The long waiting times have a signi�cant impact on the accuracyof the waiting time estimation.
When using zero as an waiting time estimation, 65% of the jobs have an estimation error of 5
minutes or less and only 80% of the jobs are run within �v e hours of this estimation. Using
the averageresults in a signi�cant improvement: 79% of the jobs have an error of 5 minutes or
lessand 87% has an error of �v e hours or less. Like in the previous �gure, using the maximum

3Unfortunately , the PBS logs recorded on the fs0.das2.cs.vu.nl do not contain information about the size of
the jobs. They only state when jobs are queued,started, and �nished. We therefore assumeall jobs to be of equal
size.
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Figure 12: Error in Job waiting time estimation on skirit (from 13 March'04 to 13 April'04).

waiting time as an estimation yields the best result: 88% of the jobs have an error of 5 minutes
or lessand 94% is run within �v e hours of the predicted time.

The results shown in Figures 11 and 12 indicate that the queueinformation gatheredby Delphoi
can be used to provide good job waiting time predictions to GRMS. Although there is clearly
room for improvement, using simple estimation schemessuch astaking the averageor maximum
current waiting time alreadyproducesreasonableresults. The 
exible and extensiblearchitecture
of Delphoi makesit an excellent platform for further research into this area.

3 Summary

In this report, we have evaluated the adaptive components developed within GridLab's work
package7. Guided by the usecasesoutlined in GridLab-7-UCR-0001-2.0,we have presented �v e
scenariosfor which our adaptive components have beenbuilt and integrated with other services
developed by GridLab. For each usecase,we have brie
y outlined the implementation approach
for the adaptive component, and have described the performed evaluations, and the achieved
results. For all use caseswe were able to show that our adaptive components successfully
improve the performance of their client grid services. As our Delphoi service, accompanied
by the adaptive components, is permanently deployed on GridLab's testbed, we were able to
demonstrate its suitabilit y for dynamic performanceadaptation in grid environments.
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